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CONTRACT FULMTLINMENT

This Propresgss Heport is submitted in partial fulfill-
ment of Jontract Nonr-163(01) and includes investige-
tions teorformed within tre period January 1, 1953,

to February 28, 1954. As inaicsted within tne report,
a considerable body of work, relasting primarily to
8ynthetic metrods, is not lncluded herein, but is
being Incorporated in a deteiled Tachnlcal Report now
in . reparation.
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I. INTRODUCTION

This Iinformal progress report is being issued in order to brirg
to date the present status of work performed in conjunction

with ONR Contract Nonr 163(0l). cConsistent with the‘purpose of
an informal status report the work 1s pressntsed in brief forme.

% detsiled technical report is under preperation and will include
g full eccount: of &l ‘the werk perficrime? Wighin gha

covered,

As 1ndicated in previous reports, the work on this contract
includes the develcopment of new products useful as rocket pro-
rellants, and the study and deternination of thelr phnysicsal,
chomical, and other characteristics. Investigstions of prepsra-
tive methods for these products required an evaluection of the
¥nown methods, which lead sither to their modification or to

the development of novel processes,

In line with this general program, further experiments cone

1

aticn of eth

N

cerned with the preparatiocn and characte:i: Ylene-
hydrazine have been performed; saditlonal physicel and chemical
properties of methylhrdrazine snd unsymmetrical dimethylhydrazine
have been determined; synthetic methods have been studied and

develcped.

]

A considerable amount of exnloratory work has bsen performed in

O

connection with the develorment of synthetic methods for the

CONFIDENTIAL
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methyl hydrazines and detailed data on these Iinvestlgations
will be incorporated in the technical report which is now
belng prepar9ed. The need for development of synthetic methods,
at least to = stage where questions concerning potential availl-
ability and cost can De answered with scme degree uf assurance,
has become very evident during the course of the work. After
sarlier Metalectro reports had aroused a strong interest in the
meéthyl hydrazines, it was Iound that the many inquiries which
followed inevitably put first emphasis on availability and cost.
Furthermore the request by ONR to furnish several hundred
rounds of these materials in a very short period of time (6
months) with a relatively limited budget could not have been

o PR Y

any apprecliabie degree by any method now available

ct
[d]

1f113s8
in the literature. That the distribution of thess materials
to the intsrestcd agencies wes well worthwhile 1s amply de-~

monstrated by the surge of response following the opportunity

to make tests with these compounds,

II. X'MMARY
le Visecsitlics and densities of methylhydrsazine and uns-

dimethy. nydrazine were dstermined cver & wide range of tempera-

tvres. At -52°G (-61.6°F) the density of methylhydrazine is

433 gms/ml erd its a“sclute viscosity is 13.319 centipolses.
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At -55.0°C (-67.OOF) the density of uns-dimethylhydrazine 1s

0.8584 gms/ml and 1ts absolute viscosity 1s 5.114.

2. Comparative tests c¢f methylhydrazine, uns-dimethylhydrazine
and hydrazine wlth varicus materials reveals that many substances
which are able to catslyze violent decomposition cf hydrazine

or melaylhydrazine in tre presence of air have little or no ef-
fect on uns-dimethylhycdrazine. I='or exemple, contact with the
common imsulating varlsty ol asbestos caussd spontaneous ignition
of hydrazine at the encd cf 3 minutes and ignition of methyl-
hydrazine at the end of 8 minutes, but when uns-dimethylhydrazine
was contacted with this asbestos no 1ignition occurred and not
aven a tempereture rise could be cbserved during a test period

of 35 nminutes,

3. Hliorts were continued to develop improved methods for the
preparation of ethylenehydrazine. A sample of pure ethylene-

hydrazine wes prepared. It had & melting pocint of -4G.5 C.

4, TFurther progress was made in the effcrt to prepare N, N-
dimethyl=Nt', N',6 -ethrlenehydrazine, a method having beon devdopsd
for the preparation of the intermediate, N-B-hydroxyethyl-=N!',

N!'~-dimethylhydrazine.

5. A program to produce and to distribute several hundred

pounds of methylhydrazine and uns-dimetirylhydraz.ns to various

CONFIDBENTIAL
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agencies was carried out successafully.

{ TII. EXPERIMENTAL WORK

i. The Viscosities and Densities of Mm hyihydrazine and Uns-
Dimethylhydrazine,

i The viscosities snd densitiss of highlys purifled samples of

] methylhydrazine and w.s-dimethylhydrazine were determined over

a range of temperatures., The densitles were determlined in 2
dilatometer constructed for the purpnse, and the viscositlies
in a Fenske viscosimeter, modified to permit no air to coms in
contact with the samplesat any time. The dilatometer was
calibrated with methanocl, which was also used as a reference
liquid for the viscosity measurements. Methylhydrazine was

' found to have n density o 0.9433 gms/ml and an absolute

e}
viscosity of 13,319 centlpolises at -52.0 C; uns-dimethylhydrzzinc

was found to have a density of 0.8684 gms/ml and an absolute
o}
viscosity of 5,114 centipoises at -85,0 C., Data covering a

ranga of temperaturzs are given in Tables I and I1 of the

Appenciz,

2. Comparative Tests of Methylhydrazine, Uns-Dimethylhydruzire
end Hvdrazine with Varicus Packlng Matcrials

In order to find a sefe packlng material for the shipment of

methylhydrazine and uns-dimethylhydrazine, experimsents were per-
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formed to determine the bshavior of these compounds with verious
substances which could be used as an atsorbent cushioning material.

Tests with hydrezine wmere run in perallel for comparative purposes.

The tests were performed by piacing in a beaker 50 mls of the
packing material and then adding to it 10 mls of the hydrazine
compound. A thermometer was inserted in the center of the beaker
so that the bulb was covered by the mixture. The rise of tem-
perature with elapsed time was noted as well as &ny other signi-
ficant phenomena, Results are given iIn Tables IXI to IX in the

Appendix,

the presence of elr. The rcsults show uns-dimsthylnydrazine to
e much less sersitive Lo Lnese cetalytic infiuences and therefore

much safer to handle and to use than hydrazine or methylhydrazine.

In & number of cases hydrazine and methylhydrazine l1gnited spon-
taneously after a short interval of time, and in other cases
terperature rises as high as 25000 or higher were noted. On the
other hand, uns-dimathylanydrazine showed no sensitivity in most
caseg, and in tho worat case showed a temperature rise to only

42°C after 56 minutes of contact time.

Similar tests per{ormed with methylhydrezine and uns-dimethylhydrazine

CONFIDENTIAL
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in contact with glass blowlng wool from which air had been dia-

placecd by nitrogen and with nitrogen atmosphere above showed

no rlse of temperature with time,

3. Ethylenehydrazine

in a previous technical report (Ref. 1) a method for ths prepara-
tion of ethylenehydrazine by an adaptation of the Wenker method
for the preparation of ethylenimine (Ref, 2) was described, This
process results in a relatively low yield of product which is
difficult to purify. An extractive method of purification was

E developed which yielded et that time a product of 91.5% puritye.

PT—

pure has been prepared. This matecrial has a melting point of

(o]
"4005 Ct

Because of the low yields of ethylenehydrazine obtalned by the

modified Wenker metnod, end the difficulties in purification,

severel other methods have been attempt 3.

The following reactions were described in Reference 1l:
a. HReaction of ehylene bromide with hydrazine

be Low-temperature nitrosation of ethylenimire, to te
followsd by reduction with lithium sluminum hydride.

3 CONFIDENTIAL
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c. Reaction cf ethylernimins with hydroxylamine-O-sulfonic aclad.

Other metiiods which have been attemptoad since then follow:
d. PFurtiner modificationg ¢f the Wenker Method:

(1) Reactions in which water-insoluble hydrocarbons, such
as cumene, were added as diluents and heat transfer redia, so
that the reaction could he run with & minimum amount of water
and with repid removal cf product. No improvemenit over origilnal
method was noted.

{2) HReactions using sthylens glycol as diluent and heat
transfer mediumn. Neo improvement was noted.,

(3) Reactions using tri-n-tutylsmine as 8 base 1nstead of
inorganic caustic., ¥NWo product was obtained.

(4) A slurry of hydrezineocethylsilfate and caustic solution
is dropped into the distilling flesk which contains a ¢mall amount
of hot caustic solution. Distillation of product proceeds as the
hydrazinoethylsulfate slurry is added. The yield is sbout the
same a8 that obtained by the original method, but this procedure
is mich more convenlent, since 1t obviates foaming, i1s more easily
controlled and requires less vclume per unit of product.

e. Reaction of the toluenesulfonate ester of ethanclhydreazine
with sodium hydroxide.

It was hoped that the toluenesulfonate sster ¢f ethanolhydrazine
might produce better results than does ths sulfuric sctd ester,

whicnh 1is employed in the Wenker process. #First the toluenssul-

CONFIDENTIAL
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fonate salt of etharnolhydrazine was preprared &8s & crystaillins
compound and this substance was treated with further toluene-
sulfonic acid for preperation of the estcr by thermel dehydra-
tion., Di:ificultlies were encountered 1n this phase of the pro-
cess, and it was not possible toc obtein any pure substance
1dentifiable as ths ester. ~Impure prcducts treated with
caustic and heat did not eprear tc produce any ethylenehydra-

zine. However, the utility of this method cannot pe ruled ouv

i, T ——

as long as the required ester intermediace has nct heen obtained

end identifiad,

f. Reactions with B-Chlorcethyigulfate
Bis-B-chloroethylsulfate wes prepared by the reacticn of bls-B
chlorosthylether with sulfur trioxide. Attempts were then med
te alkylate hydrszine w_.th this reagent in order to obtein &
B-chloroethyinydrazine intermediats, or to obtain ethylene-
hydrazine directly in the presence or a suftficient quantity cf
ceustic. As the result of & reaction in which no attempt was
made to isolate the lntermediate, e product was obtained wnich
appeared to contain eihiylenehydrazine in & greater state of
purity than is obtained by the Wenker process, although the
total yield of crude product was no greater. Examination of

the product of this reaction is now in progress.

g« Reactlone with B-chleorosthyitoluencsuifonate

CONFIDENTIAL
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Just as with bis-B-chnloretnylisuliate, the reagent, B-chloroethyl-
toluenesulfonate, was used for the purvose cof getting B-
chloroethylhydrazine s sn intermediete, or ethylensehydrazine
a8 Tinsl producc without isclation of intermediate. The
initial stage of this resction is similar to thet of bis-B-
chloroethylsulfate, but 1is slower ern+ easier to control. Final
products have not yet bsen exemined, but ths evidence at this
3tage 18 encoursging,

h. ModIfied Reschlig Procedure
Reactions were pevformed which werse analogous to the Haschig
process for the manufacture of nhycrazine. In this case the

chloramine intermediate was resacted with ethylenimine. A

i » product was obtai ned which is more volatlie than nydrezins and

% - is capable of reducins icdaste, Evidently & hydrazine derive-

g- tive is produced hy this process. Fowever, it has not yet

Ez been 13olated or identified. this work is in progress,

£

| & 4, N, N-dimethyl-K', N'-ethhvlenehydrazine

%1 Some experiments directed toward the preparation of dimethyl-
,gi ethylenehydrazine were reported in Reference 1. At that time
lga difficulty had besn encountered in the preparstion of the first
;gg intermediate, N-B-hydrcxethyl-N', N'-cdimethylhydrazins, by the rsactim
%_ of ethylene oxide with uns-dimethylhydrezine. A procedure given
-
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in the literature had been followed but little of the desired
product c¢ould be obtainseds & modification of this process was
successful, The hot vapors of the uns-diniethylhydrazine were
re.cted with gaseous ethyiene oxide in such manner that the
resulting high boilines »roduct condensed out at once and was
removed from the reaction 2zone, This improved process can also

Le appiled to tue preparation of b-nydroxyethylhydruazine.

The N-B-hydioxyethyl-N', N'-dimethylhydrazine was treated with

sulfurlec acid in ordcr» to obta.n, first, the sulfste salt, end

firally the suliste ester., No crystalline salt could be ob~
tsined, and to date no material ildentifiable as the ester. This
work 1s continuing.

S+ Froduction of Hydrazine Derivetives for Distribution To
Various Agencies

As 8 result of the considereble intersst in hydrezine derive-
tives which developsd among various ageneclaeszs, sn addendum was
Incorporated in the pressent contrect which called for the pro=-

duction and distribution of several hundred poundz of thess

derivetives.

etaleciro Corporation had develcpsd & new process which made
1t possible to cope with this requirement in the short space

oi time allowed and with the relatively small budget for the

ahudalEk .

purpose, By the applicstion of this prccess 1t was rcssible

CONFIDENTIAL
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"N

to bring the effort tec a successful conclusion. The quanti-
1 ties of material manufactured and shipged under this con-
truet requirement were <24 pounds of methylhydrazine and 140
pounds of unsymmetricsal dimethylhydrazine., The compounds
were prepured with & purity of ¢7: or better, the difference

from 100% bsing primarily the homologous methylhydrazine de-

18 i

rivevive, In some cases the purities rse as high &s 99% or
; better. Incldental to tne devel opment of new processes for
the preparation of methyl derivstives of hydrazire, new pro-

cezses for the preparsti.n of trimethylhydrezine and tetremethyl-

dbeits § S AT ] T

hydrazine 6s well as symmetrical dimethyihydrazine were found,
J K yiny

Twe pounds of symmetrical dlmethylhyirazine were alsc shipped

&

i
v

(5214

]

as

(ol

¢f the confiract reguirement.
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APPENDIX

TABLE I

r=

DENCITIES AND VISCOSivieS OF walHYLHYDRAZINE

Absolute Kinematic
Temperature Density Visccosity Viscosity
oC gms/ml (centipoises) (centistokes)
25,0 0.8743 0.7€1 0,893
G0 0. 8906 1.247 1,803
~30.0 0.,9182 3.467 3.776
=37.0 0.0246 4,821 5.214
-45,0 0.0319 7,279 74211
~50.3 0.0382 11,673 12,442
-52,0 0.,9433 13,319 14,119
CONFIDENTIAL
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APPENDIX
TABLE II
DENSITIES AND VISCOSITLES OF UNS-DIMETHYLHYDRAZINE
Tegperature Density Absolute Viscosity Kinematic Viscosity
& gms/ml {centipolsss) (centistokes)
) 25.0 0, 7861 0,509 0.647
] = 13.8 - 0.7968 0. 601 0.754
' i 10.0 04 HOL17 0. 645 0. 805
g- 0.0 0.8123 0. 783 0,064
§; -5.0 0.8176 0.878 1.074
G -15.0 0.8278 1,108 1.338
§ -25.0 ' 0,0376 1,462 1.745
g‘g -35.0 0.8483 2,026 2.389
=
B -45,0 0.8578 3.078 3.588
#
B -850 o, ec84 5,114 5.280
&
B
&
=
i
‘i CONFIDENTIAL
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APPENDIX
o TADLE III
SENSITIVITY TO CATALYTIC ErreEcLs IN AIR
VERMICULITE
Temperature oC
Time,
Minutes Hydrazine Methylnydrazine Unis-Dimethylhydrazire
0] 27 27 27
1 29 28 26,5
2 30 29 27
3 31 30 27
4 32,5 31 27
5 34 32 27
10 27 385 26
15 39 42 -
- 20 40,8 49,8 --
>C 44 5.8 -
50 48 62 30
80 51 20
94 55 108
95 - 1056
o8 -- 97
100 -- 90
Ten mls of the nydrazine compound were edded to S0 mls oi the

vermiculite. None of the temperatures shown under uns-

dimethylhydrazine were above amblent tempersturs.
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TABLE IV

SENSITIVITY TO CATALYTIC EFFECTS IN AIR

ASBESTOS (INSULATING VARIETY)

Temperature ¢
Time,
Miautes Hydrazineé Mmethylnydrazine Uns-Dimethylhydrazine
0 31 29,5 30
1l 33.5 33 3065
2 37 3445 30.5
3 35.5 - e
7 Ignition at .- 2945
end of 3 min.
8 46 e
Tenltion g% end
of € minutes.
b Flame war smothered
and therrometer
£ replaced.
[ 25 - 122 -—
: 30 -- 140 -
g 31 = 185 =
§
& 32 == 167 -
= 33 - 176 o
- 34 o 187 .
gé 25 - 220 30
1 Ten mls of the hydrazine compound were gdded to S0 mis of the
AR

4
3

SRR A 1)

drazine were above amblent temperatura.
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APPENDIX
2 TABLE V

SENSITIVITY 10 CATALYTIC EFWECTS IN AIR

ASBESTOS (ACID WASHED)

Page 17

o)
Tempeaearraturae c
Time,
Minutes dydrazine Methylhydrazine Uns-Dimsthylhydrazine
0 32 32
1 39 35
2 47 36
3 54 40
5, 62 48
10 74 64,2
15 - 73
. 17 -- 81
) 18 -- 110
; 19 -~ 158
3 20 82 230
i 21 to 23 -- >250
f 24 - 210
8 25 = 150
T
F 30 88 100
& 40 93 52
¥ 50 96 --
. 52 151 .
fo. 54 206 -
g’ 56 261 -
‘ﬂ"
gg !r Ten mls of the hydrazine compound were added to S0 mls of the
-!;".
& asbestos,
v CONFIDENTIAL
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TABLE VI

MAGNESIA  (85% MAGNESIA - 15¢% ASREST0S)

Ten mls of

magnesia.,

Pare 18

Tenperature oC
Hydrazine Methylhvdrazine Uns~Dimethylhydrazine
32 31 32
32.5 32 29
34 33 28
35 Lo 27.5
-- b7 27
S 53 27
- 5¢ 27
Ignition after
8 minutes

Li,.s s
Lz,2 S
Ly -
39 27

Ignition

arcer 215

minutes

hydrazine werc above ambient temnerature.
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APPENDIX
= TARLE VII
g Sheoe K12
SENSITIVITY TO CATALYTIC EFFECTS IN AIR
ASBESTOS (LOW IRUN)
0
Temperature C
Time,
Minutes Hydrazine Methylhydrazine Uns-Dimathylhydrazine
0 32 31 31
2 37 B35 --
5 51 49,5 32
8 60 -- --
Ignition
after &
minutes
10 -- 68 35
13 -- 76 --
i e
X o Ignitisn after

12 minutes
is s -- 40
20 -- -- 36

&a3085L08,

CONFIDENTIAL
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APPENDIX
? TABLE VIII
SENSITIVITY TQ CATALYYIC EFFECTS 1IN AlR
GLASS WOOL (INSULATICN GRADE)
o
Tomperature C
Il\ime,
Minutes Hydrazline kethylnydrazine Uns-Dimethylhydrazine
0 28 28 <8
S 29 32 24
AL 3C 30 4
15 3i 38 24
20 54 43 24
25 35 49 24
30 36 s} 25
40 28 74 26
- 45 >8 7o 28
f“ Ten mls ol the hydrezine compound were added to 50 wls of the
¥
gs‘ glass wool, None of thie temperatures shown nander uns-
) dimethylhydrazine were above amblent temperature,
§
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SENSITIVITY TO CATALITIC EFFECISIN AIR

Comparison of Pyrex Glass Wool (Laboratory Grade) vs. Glass
Wool (Insulation Grade) uaing only Methyihydrazine

(8]
Time, Temperature ¢
Kinutes Pyrex Glass Wool Gless Biowing Wwool

0 26 28

) 30 29,5
10 46 34,5
20 62 43
30 71 76
35 71 83
40 72 79
50 73 69
55 73 58
60 69 53.5

T'en mls quantities of methylhyara2zine were zaded to 50 ml volumes

of the respective glass wool samples,
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